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(57) ABSTRACT 

Afractional-N frequency synthesizer includes a ?rst divider, 
a second divider, and a division ratio controller. The ?rst 
divider receives and divides an oscillation frequency signal. 
The second divider receives a predetermined feedback fre 
quency signal and divides the feedback frequency signal in 
response to a selection signal. The division ratio controller 
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(21) Appl. No.: 10/431,523 _ _ _ _ _ _ 
receives and divides an output signal of the ?rst divider and 

(22) Filed; May 8, 2003 an output signal of the second divider and generates a 
reference frequency signal in Which the oscillation fre 
quency signal is divided, a comparison frequency signal that 

(30) Foreign Application Priority Data is compared With the reference frequency signal, and the 
selection signal used to select the division ratio of the second 

Jun. 11, 2002 ..................................... .. 2002-32600 divider. 
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FIG. -1 (PRIOR ART) 
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FIG. 6 
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FIG. 7 
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FREQUENCY SYNTHESIZER FOR REDUCING 
NOISE 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application claims priority under 35 U.S.C. § 
119 from Korean Patent Application No. 2002-32600, ?led 
on Jun. 11, 2002, the contents of Which are hereby incor 
porated by reference in their entirety for all purposes as if 
fully set forth herein. 

BACKGROUND AND SUMMARY 

[0002] 1. Technical Field 

[0003] The present invention relates to a frequency syn 
thesiZer for reducing noise, and more particularly, to a phase 
locked loop (PLL)-based fractional-N frequency synthe 
siZer. 

[0004] 2. Description 

[0005] Recently, frequency synthesiZers use a fractional-N 
phase locked loop (PLL) to the locking time. 

[0006] A sigma delta modulator is commonly used in the 
fractional-N PLL. The sigma delta modulator generates a 
selection signal that is used to select the division ratio 
(divisor) of a divider of the frequency synthesiZer. The 
division ratio (divisor) of the divider is randomly selected 
using the selection signal generated by the sigma delta 
modulator. If the division ratio of the divider is selected at 
regular intervals using the selection signal, frequency spurs 
can occur in an output spectrum. That is, the sigma delta 
modulator serves to select the division ratio of the divider 
and serves to shape noise. 

[0007] The amount of area of a chip that is required by the 
sigma delta modulator is large, but this problem can be 
solved using a sigma delta modulator Which generates a 
1-bit selection signal. 

[0008] FIG. 1 is a block diagram illustrating the structure 
of a fractional-N frequency synthesiZer. Referring to FIG. 1, 
the fractional-N frequency synthesiZer 100 includes a ?rst 
divider 110 Which receives and divides an oscillation fre 
quency signal FOSC and generates a reference frequency 
signal FR, a second divider 120 Which receives and divides 
a feedback frequency signal FVCO and generates a com 
parison frequency signal PP, and a sigma delta modulator 
130. 

[0009] A phase frequency detector Which receives the 
reference frequency signal FR and the comparison fre 
quency signal PP and compares the phase of the reference 
frequency signal FR With the phase of the comparison 
frequency signal FP, a charge pump, and a loW pass ?lter are 
not shoWn. 

[0010] The division ratio (divisor) of the ?rst divider 110 
is R. The division ratio (divisor) of the second divider 220 
is selected as one of N-l or N+1 in response to a selection 
signal SEL. 

[0011] The sigma delta modulator 130 generates the selec 
tion signal SEL and randomly selects the division ratio of the 
second divider 120. The capacity of the sigma delta modu 
lator 130 is marked by a partial modulus F. The partial 
modulus is a dimensionless quantity. 
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[0012] The sigma delta modulator 130 receives a prede 
termined value K and controls the selection signal SEL 
according to the value of K/F. An accumulator (not shoWn) 
is provided inside the sigma delta modulator 130. When the 
accumulator over-?oWs, that is, When the value of the 
inputted K reaches the value of the partial module F, the 
selection signal SEL selects the division ratio (divisor) of the 
second divider 120 to be N+1. 

[0013] The second divider 120 divides the frequency of 
the input signal, FVCO, by an average value of (N+.f) in 
response to the selection signal SEL. Here, N represents an 
integer, and .f represents a decimal. 

[0014] In the fractional-N frequency synthesiZer 100 of 
FIG. 1, the feedback frequency signal FVCO is determined 
by the folloWing equations: 

[0015] Reference frequency signal FR=Oscillation 
frequency signal FOSC/R; 

[0016] Comparison frequency signal FP=Feedback 
frequency signal FVCO/(N+.f). 

[0017] Here, reference frequency signal FR=comparison 
frequency signal PP, and thus feedback frequency signal 
FVCO=reference frequency signal FR><(N+.f). 

[0018] Thus, a desired feedback frequency signal FVCO 
can be made according to values of N and .f. Here, the 
feedback frequency signal FVCO is equal to an output 
frequency signal of the frequency synthesiZer. 

[0019] When the division ratios of the second divider 120 
are N and N+1, a quantiZation level Ais 1. The quantiZation 
level A represents a difference betWeen the division ratios 
N+1 and N. 

[0020] When the quantiZation level A is 1, the value of K 
inputted to the sigma delta modulator 130 cannot eXceed 
about 80% of the value of the partial module F. This problem 
causes the output range of the output frequency signal to 
correspond to about 80% of a desired output range. 

[0021] For eXample, When the output range of the desired 
output frequency signal is betWeen 100 and 101 and the 
quantiZation level A is 1, the comparison frequency signal 
FP can be outputted Within the range betWeen 100.1 and 
100.9 and cannot be outputted Within the range betWeen 100 
and 100.1 and betWeen 100.9 and 101. This problem is 
referred to as a “dead band problem.” 

[0022] In order to solve the dead band problem, the 
division ratios of the second divider 120 are N-l and N+1, 
as shoWn in FIG. 1. Then, the quantiZation level A is 2. 
Thus, the value of K inputted to the sigma delta modulator 
130 may be tWice the value of K inputted to the sigma delta 
modulator 130 When the quantiZation levelAis 1. Therefore, 
the dead band problem of the output frequency signal is 
solved. 

[0023] HoWever, since the quantiZation level A is 2, a 
quantiZation noise poWer increases. 

[0024] The quantiZation noise poWer may be expressed by 
Equation 1. 

P=A2/(12><OSR) (1) 
[0025] Here, P represents a quantiZation noise poWer, A 
represents a quantiZation level, and OSR represents an over 
sampling ratio. 
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[0026] As known from Equation 1, in order to reduce the 
quantization noise power, the quantization level should be 
reduced. Thus, a fractional-N frequency synthesizer Which 
reduces the quantization noise poWer by setting the quanti 
zation level to 1 and generates an output frequency signal of 
a desired overall range is necessary. 

[0027] To solve the above and other problems, it Would be 
desirable to provide a fractional-N frequency synthesizer 
Which exhibits reduced quantization noise poWer and gen 
erates an output frequency signal of a desired overall range. 

[0028] It Would also be desirable to provide a method for 
generating a frequency Which exhibits reduced quantization 
noise poWer and generates an output frequency signal of a 
desired overall range. 

[0029] Accordingly, in one aspect of the present invention, 
there is provided a frequency synthesizer, including a ?rst 
divider, a second divider, and a division ratio (divisor) 
controller. The ?rst divider receives and divides an oscilla 
tion frequency signal. The second divider receives a prede 
terrnined feedback frequency signal and divides the feed 
back frequency signal in response to a selection signal. 

[0030] The division ratio controller receives and divides 
an output signal of the ?rst divider and an output signal of 
the second divider and generates a reference frequency 
signal in Which the oscillation frequency signal is divided, a 
comparison frequency signal that is compared With the 
reference frequency signal, and the selection signal used to 
select the division ratio of the second divider. 

[0031] Bene?cially, the division ratio controller includes a 
third divider, an internal division ratio controller, a sigrna 
delta modulator, and a synthesizer. 

[0032] The third divider receives and divides the output of 
the ?rst divider and generates the reference frequency signal. 
The internal division ratio controller receives the output of 
the second divider and generates a 1-bit ?rst selection signal 
used to generate the comparison frequency signal and the 
selection signal. 

[0033] The sigrna delta rnodulator receives a predeter 
rnined value K that is externally controlled and generates a 
1-bit second selection signal used to generate the selection 
signal, in response to the comparison frequency signal. 

[0034] The synthesizer synthesizes the selection signal 
from the ?rst and second selection signals. 

[0035] More speci?cally, the internal division ratio con 
troller includes a ?rst internal divider, a second internal 
divider, and a rnodulus controller. 

[0036] The ?rst internal divider receives and divides the 
output signal of the second divider and generates the corn 
parison frequency signal. The second internal divider 
receives and divides the output signal of the second divider. 

[0037] The rnodulus controller receives the comparison 
frequency signal and the output signal of the second internal 
divider, outputs the ?rst selection signal as a ?rst level When 
the ?rst and second internal dividers are simultaneously 
being counted, and outputs the ?rst selection signal as a 
second level When only the ?rst internal divider is being 
counted. 
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[0038] The third divider and the ?rst internal divider have 
the same division ratio (divisors), and the ?rst and second 
internal dividers have the same counting period, and a 
counting operation time of the second internal divider is 
shorter than that of the ?rst internal divider. 

[0039] The ratio of divisor for the second internal divider 
to the divisor of the ?rst internal divider is greater than or 
equal to 0 and less than 1. 

[0040] The second selection signal has the ?rst or second 
level at irregular intervals. The size of an accumulator 
provided inside the sigma delta modulator is denoted by F, 
and the sum of a value K/F and the ratio of the divisor of the 
second divider to the divisor of ?rst divider is greater than 
or equal to 0 and smaller than 1. 

[0041] The selection signal is a 2-bit signal Which selects 
various division ratios (divisors) of the second divider. 

[0042] According to another aspect of the present inven 
tion, there is provided a frequency synthesizer including a 
?rst divider, a second divider, a division ratio (divisor) 
controller, and a sigrna delta rnodulator. 

[0043] The ?rst divider receives and divides an oscillation 
frequency signal. The second divider receives a predeter 
rnined feedback frequency signal and divides the feedback 
frequency signal by various division ratios in response to a 
selection signal. 

[0044] The division ratio controller receives and divides 
an output signal of the ?rst divider and an output signal of 
the second divider and generates a reference frequency 
signal in Which the oscillation frequency signal is divided, a 
comparison frequency signal that is compared With the 
reference frequency signal, and a ?rst selection signal that is 
used to generate the selection signal used to select the 
division ratio of the second divider. 

[0045] The sigrna delta rnodulator receives a predeter 
rnined value K that is externally controlled and generates a 
second selection signal used to generate the selection signal, 
in response to the comparison frequency signal. 

[0046] The division ratio controller includes a third 
divider and an internal division ratio (divisor) controller. 

[0047] The third divider receives and divides the output of 
the ?rst divider and generates the reference frequency signal. 
The internal division ratio controller receives the output of 
the second divider and generates the comparison frequency 
signal and the ?rst selection signal used to generate the 
selection signal. 

[0048] More speci?cally, the internal division ratio con 
troller includes a ?rst internal divider, a second internal 
divider, and a rnodulus controller. 

[0049] The ?rst internal divider receives and divides the 
output signal of the second divider and generates the corn 
parison frequency signal. The second internal divider 
receives and divides the output signal of the second divider. 

[0050] The rnodulus controller receives the comparison 
frequency signal and the output signal of the second internal 
divider, outputs the ?rst selection signal as a ?rst level When 
the ?rst and second internal dividers are simultaneously 
counted, and outputs the ?rst selection signal as a second 
level When only the ?rst internal divider is counted. 
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[0051] The ?rst and second internal dividers have the 
same counting period, and a counting operation time of the 
second internal divider is shorter than that of the ?rst internal 
divider. 

[0052] The ratio of the divisor of the second internal 
divider to the divisor of the ?rst internal divider is greater 
than or equal to 0 and less than 1. 

[0053] The third divider and the ?rst internal divider have 
the same division ratio (divisor), and the second selection 
signal has the ?rst or second level at irregular intervals. 

[0054] The selection signal is a 2-bit signal, each of the 
?rst and second selection signals is a 1-bit signal, the ?rst 
and second selection signals are added together, thus gen 
erating the selection signal. 

[0055] The siZe of an accumulator provided inside the 
sigma delta modulator is marked by F, and the sum of a value 
K/F and the ratio of the divisor of the second divider to the 
divisor of the ?rst divider is greater than or equal to 0 and 
smaller than 1. 

[0056] In yet another aspect of the invention, there is 
provided a method for generating an output frequency signal 
of a desired range While reducing a quantization noise poWer 
in a fractional-N frequency synthesiZer having a sigma delta 
simulator. The method comprises: (a) dividing an oscillation 
frequency signal by R, dividing the R-divided oscillation 
frequency signal by D, and outputting a reference frequency 
signal; (b) receiving a predetermined feedback frequency 
signal and dividing the feedback frequency signal by various 
division ratios in response to a selection signal; (c) receiving 
and dividing the divided signal in (b), generating a com 
parison frequency signal that is compared With the reference 
frequency signal, and generating a 1-bit ?rst selection signal 
used to generate the selection signal; (d) receiving a prede 
termined value K that is externally controlled and generating 
a 1-bit second selection signal used to generate the selection 
signal, in response to the comparison frequency signal; and 
(e) synthesiZing the selection signal from the ?rst and 
second selection signals and generating. 

[0057] Step (c) comprises: (c1) dividing the divided signal 
in (b) by D, and generating the comparison frequency signal; 
(c2) dividing the divided signal in (b) by C; and (c3) 
receiving the comparison frequency signal and the output 
signal in (c2) and generating the ?rst selection signal as a 
?rst or second level. 

[0058] More speci?cally, in (c3), the comparison fre 
quency signal and the output signal in (c2) are received, the 
?rst selection signal is outputted as the ?rst level When (c1) 
and (c2) are simultaneously being performed, and the ?rst 
selection signal is outputted as the second level When only 
(c1) is being performed. 

[0059] A value C/D is greater than or equal to 0 and less 
than 1, and the second selection signal has the ?rst or second 
level at irregular intervals. The selection signal is a 2-bit 
signal Which selects various division ratios of 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0060] The above objects and advantages of the present 
invention Will become more apparent by describing in detail 
preferred embodiments thereof With reference to the 
attached draWings in Which: 
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[0061] FIG. 1 is a block diagram illustrating the structure 
of a fractional-N frequency synthesiZer; 

[0062] FIG. 2 is a block diagram illustrating the structure 
of one embodiment of a fractional-N frequency synthesiZer; 

[0063] FIG. 3 illustrates an output spectrum of a sigma 
delta modulator of FIG. 2; 

[0064] FIG. 4A illustrates a noise spectrum of a feedback 
frequency signal of the fractional-N frequency synthesiZer 
of FIG. 1; 

[0065] FIG. 4B illustrates a noise spectrum of a feedback 
frequency signal of the fractional-N frequency synthesiZer 
of FIG. 2; 

[0066] FIG. 5 illustrates an output spectrum of the sigma 
delta modulator having different quantiZation levels; 

[0067] FIG. 6 is a How chart illustrating a method for 
generating an output frequency signal of a desired range 
While reducing a quantiZation noise poWer; and 

[0068] FIG. 7 is a How chart speci?cally illustrating step 
630 of FIG. 6. 

DETAILED DESCRIPTION 

[0069] The present invention Will be described more fully 
hereinafter With reference to the accompanying draWings in 
Which preferred embodiments of the invention are shoWn. 

[0070] Hereinafter, the present invention Will be described 
in detail by describing preferred embodiments of the inven 
tion With reference to the accompanying draWings. Like 
reference numerals refer to like elements throughout the 
draWings. 

[0071] FIG. 2 is a block diagram illustrating the structure 
of an embodiment of a fractional-N frequency synthesiZer. 
Referring to FIG. 2, the fractional-N frequency synthesiZer 
200 includes a ?rst divider 210, a second divider 220, and a 
division ratio (divisor) controller 230. 

[0072] The ?rst divider 210 receives and divides an oscil 
lation frequency signal FOSC. The second divider 220 
receives a predetermined feedback frequency signal FVCO 
and divides the feedback frequency signal FVCO by various 
division ratios (divisors) in response to a selection signal 
SEL. 

[0073] The division ratio controller 230 receives and 
divides an output signal of the ?rst divider 210 and an output 
signal of the second divider 220 and generates a reference 
frequency signal FR in Which the oscillation frequency 
signal FOSC is divided, a comparison frequency signal FP 
that is compared With the reference frequency signal FR, and 
the selection signal SEL used to select the division ratios of 
the second divider 220. 

[0074] The division ratio controller 230 includes a third 
divider 240, an internal division ratio (divisor) controller 
250, a sigma delta modulator 260, and a synthesiZer 270. 

[0075] The third divider 240 receives and divides the 
output of the ?rst divider 210 and generates the reference 
frequency signal FR. The internal division ratio controller 
250 receives the output of the second divider 220, generates 
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the comparison frequency signal FF and generates a 1-bit 
?rst selection signal SELl used to generate the selection 
signal SEL. 

[0076] Preferably, the internal division ratio controller 250 
includes a ?rst internal divider 275, a second internal divider 
280, and a modulus controller 285. 

[0077] The ?rst internal divider 275 receives and divides 
an output signal of the second divider 220 and generates the 
comparison frequency signal FP. The second internal divider 
280 receives and divides the output signal of the second 
divider 220. Bene?cially, the third divider 240 and the ?rst 
internal divider 275 have the same division ratio (divisor). 
The ?rst internal divider 275 and the second internal divider 
280 have the same counting period, and the counting opera 
tion time of the second internal divider 280 is shorter than 
that of the ?rst internal divider 275. 

[0078] Also, the ratio of the divisor of the second internal 
divider 280 to the divisor of the ?rst internal divider 275 is 
greater than or equal to 0 and less than 1. 

[0079] The modulus controller 285 receives the compari 
son frequency signal FF and an output signal of the second 
internal divider 280. Also, the modulus controller 285 out 
puts the ?rst selection signal SELl as a ?rst level When the 
?rst internal divider 275 and the second internal divider 280 
are simultaneously counted, and the modulus controller 285 
outputs the ?rst selection signal SELl as a second level 
When only the ?rst internal divider 275 is counted. 

[0080] The sigma delta modulator 260 receives a prede 
termined value K that is externally controlled and generates 
a 1-bit second selection signal SEL2 used to generate the 
selection signal SEL in response to the comparison fre 
quency signal FP. The second selection signal SEL2 has a 
?rst or second level at irregular intervals. 

[0081] The siZe of an accumulator inside the sigma delta 
modulator 260 is denoted by “F”, and the sum of a value K/F 
and the ratio of the divisor of the second divider 220 to the 
divisor of the ?rst divider 210 is greater than or equal to 0 
and smaller than 1. 

[0082] The synthesiZer 270 generates the selection signal 
SEL from the ?rst selection signal SELl and the second 
selection signal SEL2. The selection signal SEL is a 2-bit 
signal Which selects various division ratios of the second 
divider 220. 

[0083] Hereinafter, the operation of the fractional-N fre 
quency synthesiZer according to a ?rst embodiment Will be 
described in detail With reference to FIG. 2. 

[0084] The ?rst divider 210 receives the oscillation fre 
quency signal FOSC and divides the oscillation frequency 
signal FOSC by R. R is a natural number. The second divider 
220 receives the predetermined feedback frequency signal 
FVCO and divides the feedback frequency signal FVCO by 
various division ratios in response to the selection signal 
SEL. The feedback frequency signal FVCO is formed by 
feeding back an output frequency signal of the synthesiZer 
270. 

[0085] The second divider 220 divides the feedback fre 
quency signal FVCO by N, N+1, or N+2. The selection 
signal SEL is a 2-bit signal Which selects one of the three 
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division ratios of the second divider 220. The selection 
signal SEL Will be described later. 

[0086] The division ratio controller 230 receives and 
divides the output signal of the ?rst divider 210 and the 
output signal of the second divider 220. Also, the division 
ratio controller 230 generates the reference frequency signal 
FR in Which the oscillation frequency signal FOSC is 
divided, the comparison frequency signal FP that is com 
pared With the reference frequency signal FR, and the 
selection signal SEL used to select the division ratio of the 
second divider 220. 

[0087] The division ratio controller 230 includes the third 
divider 240, the internal division ratio controller 250, the 
signal delta modulator 260, and the synthesiZer 270. 

[0088] The third divider 240 receives and divides the 
output of the ?rst divider 210 and generates the reference 
frequency signal FR. The third divider 240 has the same 
division ratio (divisor) as that of the ?rst internal divider 
275. The reference frequency signal FR has a frequency With 
Which the comparison frequency signal FF is synchroniZed. 

[0089] The internal division ratio controller 250 receives 
the output of the second divider 220 and generates the 
comparison frequency signal FF and the ?rst partial selec 
tion signal SELl used to generate the selection signal SEL. 

[0090] The internal division ratio controller 250 generates 
the ?rst partial selection signal SELl so that the feedback 
frequency signal FVCO has a frequency that is a decimal 
number times the oscillation frequency signal FOSC. The 
?rst partial selection signal SELl generated by the internal 
division ratio controller 250 and the second partial selection 
signal SEL2 generated by the signal delta modulator 260 are 
used to generate the selection signal SEL that is used to 
select the division ratio of the second divider 220. 

[0091] That is, the ?rst partial selection signal SELl and 
the second partial selection signal SEL2 are added together 
by the synthesiZer 270 to generate the selection signal SEL. 
The ?rst partial selection signal SELl is a 1-bit signal Which 
has the ?rst and second levels at regular intervals. Here, the 
?rst level is a high level, and the second level is a loW level. 
HoWever, it is also possible that the ?rst level is set to the 
loW level and the second level is set to the high level. 

[0092] The internal division ratio controller 250, Which 
generates the ?rst partial selection signal SELl, includes the 
?rst internal divider 275, the second internal divider 280, 
and the modulus controller 285. 

[0093] The ?rst internal divider 275 receives the output 
signal of the second divider 220, divides the output signal of 
the second divider 220 by D, and generates the comparison 
frequency signal FP. D is a natural number. The second 
internal divider 280 receives the output signal of the second 
divider 220 and divides the output signal of the second 
divider 220 by C. C is a natural number. 

[0094] C/D, Which is the ratio of the divisor of the second 
internal divider 280 to the divisor of the ?rst internal divider 
275, is greater than or equal to 0 and less than 1. That is, D 
is greater than C. 

[0095] Division by D means that D cycles of an input 
frequency signal are counted. The ?rst and second internal 
dividers 275 and 280 have the same counting period. Thus, 
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the ?rst and second internal dividers 275 and 280 simulta 
neously start counting and are simultaneously reset. HoW 
ever, the counting operation time of the second internal 
divider 280 is shorter than that of the ?rst internal divider 
275. 

[0096] That is, the ?rst and second internal dividers 275 
and 280 simultaneously start counting. The ?rst and second 
internal dividers 275 and 280 simultaneously perform a 
counting operation; and then the second internal divider 280 
?rst stops counting because D is greater than C. When 
counting of the ?rst internal divider 275 stops, the ?rst and 
second internal dividers 275 and 280 are simultaneously 
reset and restart counting. 

[0097] The second internal divider 280 starts counting 
simultaneously With the ?rst internal divider 275 then stops 
counting ?rst, Waits until the ?rst internal divider 275 stops 
counting, and then is reset simultaneously With the ?rst 
internal divider 275. 

[0098] The modulus controller 285 receives the compari 
son frequency signal FF and the output signal of the second 
internal divider 280. Also, the modulus controller 285 out 
puts the ?rst partial selection signal SEL1 as the ?rst level, 
i.e., high level, When the ?rst and second internal dividers 
275 and 280 are simultaneously counted, and the modulus 
controller 285 outputs the ?rst partial selection signal SEL1 
as the second level, i.e., loW level, When only the ?rst 
internal divider 275 is counted. 

[0099] Speci?cally, When the second internal divider 280 
counts C and simultaneously the ?rst internal divider 275 
counts D, the ?rst partial selection signal SEL1 is outputted 
as the high level. When the second internal divider 280 stops 
counting and only the ?rst internal divider 275 counts D, the 
?rst selection signal SEL1 is outputted as the loW level. 

[0100] The sigma delta modulator 260 receives the pre 
determined value K that is externally controlled and gener 
ates the second partial selection signal SEL2 used to gen 
erate the selection signal SEL, in response to the comparison 
frequency signal FP. 

[0101] An accumulator (not shoWn) is provided inside the 
sigma delta modulator 260, and the siZe of the accumulator 
is marked by a partial module F. The partial module is a 
dimensionless quantity. 

[0102] The second partial selection signal SEL2 is a 1-bit 
signal, and is generated as a high or loW level in response to 
the value K/F. Since the level of the value K inputted to the 
sigma delta modulator 260 is irregular, the second partial 
selection signal SEL2 has the high or loW level at irregular 
intervals. 

[0103] Bene?cially, the sum of the value K/F and C/D, 
Which is the ratio of the divisor of the second divider 220 to 
the divisor of the ?rst divider 210, is greater than or equal 
to 0 and smaller than 1. For example, if C/D is 0.5, K/F is 
greater than 0 and smaller than 0.5. That is, if C/D is 0.5, the 
value K exists Within 50% of the value F. 

[0104] The synthesiZer 270 generates the selection signal 
SEL from the ?rst and second partial selection signals SEL1 
and SEL2. The ?rst partial selection signal SEL1 is gener 
ated as the high and loW levels at regular intervals, and the 
second partial selection signal SEL2 is generated as the high 
and loW levels at irregular intervals. 
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[0105] Aprocess in Which the division ratio of the second 
divider 220 is selected using the selection signal SEL Will be 
described beloW by denoting the high level by “1” and the 
loW level by “0”. 

[0106] If the ?rst partial selection signal SEL1 is 1 and the 
second partial selection signal SEL2 is also 1, the selection 
signal SEL is 11. If the ?rst partial selection signal SEL1 is 
0 and the second partial selection signal SEL2 is 1, the 
selection signal is 01. If the ?rst partial selection signal 
SEL1 is 1 and the second partial selection signal SEL2 is 0, 
the selection signal SEL is 10. If the ?rst partial selection 
signal SEL1 is 0 and the second partial selection signal is 0, 
the selection signal SEL is 00. 

[0107] If the selection signal SEL is 11, the division ratio 
of the second divider 220 is selected as N. If the selection 
signal SEL is 10 or 01, the division ratio of the second 
divider 220 is selected as N+1. If the selection signal SEL is 
00, the division ratio of the second divider 220 is selected as 
N+2. 

[0108] The division ratio of the fractional-N frequency 
synthesiZer 200 having the above structure Will be described 
by Equation 2. 

[0109] As knoWn from Equation 2, the feedback fre 
quency signal FVCO may be expressed by (N+C/D)/R times 
of the oscillation frequency signal FOSC. 

[0110] For example, if N=M+.f, R=1, D=2, and C=1, 
FVCO=FOSC><(M+.f+C/D). 
[0111] Here, M is a natural number, and .f is a decimal, 
denoted by K/F, Which is the ratio of the value K inputted to 
the sigma delta modulator 260 to the partial module F. That 
is, .f=K/F. 

[0112] Since C/D is 1/2, if .f is betWeen 0 and 0.5, the 
feedback frequency signal FVCO may be expressed by a 
decimal, times the oscillation frequency signal FOSC. Spe 
ci?cally, the fractional-N frequency synthesiZer 200 can 
output an output frequency signal of a desired range even 
though the value K inputted to the sigma delta modulator 
260 is Within 50% of the value F. Thus, the fractional-N 
frequency synthesiZer 200 can reduce a quantiZation noise 
poWer and can generate the output frequency signal of the 
desired range by setting the quantiZation level to 1. 

[0113] In a conventional fractional-N frequency synthe 
siZer, the value K is about 80% of the value F When the 
quantiZation level is 1, and thus the conventional frac 
tional-N frequency synthesiZer cannot generate the output 
frequency signal of the desired frequency range. Thus, if the 
quantiZation level is set to 2, the range of the value K is tWice 
such that the output frequency signal of the desired fre 
quency range is generated. HoWever, in this case, the quan 
tiZation noise poWer increases. 

[0114] According to the fractional-N frequency synthe 
siZer 200 of FIG. 2, the quantiZation noise poWer can be 
reduced and the output frequency signal of the desired 
frequency range can be generated by setting the quantiZation 
level to 1. 
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[0115] That is, the output frequency signal can be a 
decimal number times the oscillation frequency signal 
FOSC by setting the value C/D to a predetermined value 
betWeen 0 and 1 and adjusting the value K/F, i.e., .f. The 
value C/D is not necessarily 1/2 but is greater than 0 and less 
than 1, for example, 1/3 and 1A1. The output frequency signal 
can be a decimal number times the oscillation frequency 
signal FOSC by setting the sum of the value K/F and the 
value C/D to be greater than 0 and smaller than 1. 

[0116] FIG. 3 illustrates an output spectrum of the sigma 
delta modulator of FIG. 2. FIG. 3 illustrates the case Where 
the sigma delta modulator operates at 10 MHZ. The noise 
shaping spectrum of FIG. 3 has the same shape as that of a 
conventional sigma delta modulator. HoWever, since the 
quantiZation noise poWer is 1, the entire noise is reduced by 
about 6 dB compared to the case of a conventional device 
Where the quantiZation noise poWer is 2. 

[0117] FIG. 4A illustrates the noise spectrum of a feed 
back frequency signal of the conventional fractional-N fre 
quency synthesiZer. 

[0118] FIG. 4B illustrates a noise spectrum of a feedback 
frequency signal of the fractional-N frequency synthesiZer 
according to FIG. 2. 

[0119] A straight line having a negative slope shoWn in 
FIG. 4A represents the noise level of the feedback fre 
quency signal. In FIG. 4A, the noise curve of the feedback 
frequency signal exceeds a straight line representing the 
noise level of the feedback frequency signal. This means that 
noise is large. 

[0120] The noise curve of the feedback frequency signal 
of FIG. 2, shoWn in FIG. 4B, does not exceed a straight line 
representing the noise level of the feedback frequency 
signal. This means that noise is reduced, compared to that of 
FIG. 4A. 

[0121] FIG. 5 illustrates an output spectrum of the sigma 
delta modulator having different quantiZation levels. 

[0122] When the quantiZation levelAis 1, noise is reduced 
by about 6 dB compared to the case Where the quantiZation 
level A is 2. 

[0123] FIG. 2 also illustrates a fractional-N frequency 
synthesiZer according to a second embodiment. 

[0124] A difference betWeen the ?rst embodiment and the 
second embodiment is that the division ratio controller 225 
of the fractional-N frequency synthesiZer 270 according to 
the second embodiment does not include the sigma delta 
modulator 260 and the synthesiZer 270. HoWever, the opera 
tion of the fractional-N frequency synthesiZer according to 
the second embodiment is similar to that of the fractional-N 
frequency synthesiZer 270 according to the ?rst embodi 
ment, and thus detailed descriptions thereof Will be omitted. 

[0125] FIG. 6 is a How chart illustrating a method 600 for 
generating an output frequency signal of a desired range 
While reducing quantiZation noise poWer. 

[0126] FIG. 7 is a How chart speci?cally illustrating step 
630 of FIG. 6. 

[0127] The method 600 for generating an output frequency 
signal of a desired range While reducing a quantiZation noise 
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poWer is similar to the operation of the fractional-N fre 
quency synthesiZer 200 of FIG. 2. 

[0128] In step 610, an oscillation frequency signal is 
divided by R, and the R-divided oscillation frequency signal 
is divided by D, and then a reference frequency signal is 
outputted. The oscillation frequency signal is a frequency 
signal generated by an oscillator (not shoWn) of a frequency 
synthesiZer. 

[0129] In step 620, a predetermined feedback frequency 
signal is received, and the feedback frequency signal is 
divided at various division ratios in response to a selection 
signal. 

[0130] The feedback frequency signal is a frequency sig 
nal in Which an output frequency signal of the frequency 
synthesiZer is fed back. It is determined using the selection 
signal Whether the feedback frequency signal is divided by 
N, N+1, or N+2. The selection signal is a 2-bit signal. 

[0131] Bene?cially, the selection signal is generated by 
?rst and second selection signals that are to be described 
later. 

[0132] In step 630: the divided signal from step 620 is 
received and further divided; and a comparison frequency 
signal, that is compared to the reference frequency signal, 
and the 1-bit ?rst selection signal used to generate the 
selection signal, are generated. 

[0133] Step 630 Will be described in greater detail noW, 
With respect to FIG. 7. 

[0134] In step 710, the divided signal from step 620 is 
divided by D, and the comparison frequency signal is 
generated. The comparison frequency signal is compared 
With the reference frequency signal and is synchroniZed With 
the reference frequency signal. 

[0135] In step 720, the divided signal from step 620 is 
divided by C. 

[0136] In step 730, the comparison frequency signal and 
the output signal from step 720 are received, and the ?rst 
selection signal is generated as a ?rst or second level. More 
speci?cally, in step 730, the comparison frequency signal 
and the signal, in Which the divided signal from step 620 is 
divided by C, are received. When a D-division operation in 
step 710 and a C-division operation in step 720 are simul 
taneously being performed, the ?rst selection signal is 
outputted as the ?rst level. When only the D-division 
operation in step 710 is performed, the ?rst selection signal 
is outputted as the second level. 

[0137] Here, the ?rst level is a high level, and the second 
level is a loW level. HoWever, it is also possible that the ?rst 
level is set to the loW level and the second level is set to the 
high level. 

[0138] The D-division operation in step 710 and the 
C-division operation in step 720 have the same operation 
period. HoWever, C/D is greater than or equal to 0 and less 
than 1. 

[0139] Thus, even though the D-division operation in step 
710 and the C-division operation in step 720 are simulta 
neously begun, the C-division operation ends ?rst, and then 
the D-division operation is ended. Once the D-division 
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operation ends, the C-division operation and the D-division 
operation simultaneously restart. 

[0140] The ?rst selection signal is controlled by the C-di 
vision operation time and the D-division operation time and 
thus has the high and loW levels at regular intervals. 

[0141] In step 640, a predetermined value K that is exter 
nally controlled is received, and a 1-bit second selection 
signal used to generate the selection signal is generated in 
response to the comparison frequency signal. An accumu 
lator is provided inside a sigma delta modulator, and the siZe 
of the accumulator may be denoted by F. 

[0142] The sigma delta modulator receives the predeter 
mined value K and generates the second selection signal 
using the value K/F. The second selection signal has the ?rst 
or second level at irregular intervals. These operations have 
already been described When the operation of the frac 
tional-N frequency synthesiZer 200 of FIG. 2 Was described, 
and thus detailed descriptions thereof Will be omitted. 

[0143] In step 650, the selection signal is generated from 
the ?rst and second 1-bit selection signals. The selection 
signal is a 2-bit signal Which selects various division ratios 
in step 620. Since the 1-bit second selection signal has the 
high or loW level at irregular intervals, the selection signal 
that is synthesiZed from the ?rst selection signal and the 
1-bit second selection signal also has the high or loW level 
at irregular intervals. 

[0144] The 1-bit ?rst selection signal may be a 0 or 1, and 
the 1-bit second selection signal may be a 0 or 1. Thus, the 
selection signal may be a 2-bit signal such as one of 00, 01, 
10, and 11. The various division ratios in step 620 are 
selected according to the logical value of the selection 
signal. 
[0145] As described above, in the fractional-N frequency 
synthesiZer and method for generating a frequency accord 
ing to the present invention, the quantiZation noise poWer 
can be reduced, and the output frequency signal having the 
desired frequency range can be generated by setting the 
quantiZation level to 1. 

[0146] While this invention has been particularly shoWn 
and described With reference to preferred embodiments 
thereof, it Will be understood by those skilled in the art that 
various changes in form and details may be made therein 
Without departing from the spirit and scope of the invention 
as de?ned by the appended claims. 

What is claimed is: 
1. A frequency synthesiZer comprising: 

a ?rst divider adapted to receive and divide an oscillation 
frequency signal; 

a second divider adapted to receive a feedback frequency 
signal and divide the feedback frequency signal in 
response to a selection signal; and 

a division ratio controller adapted to receive and divide an 
output signal of the ?rst divider and an output signal of 
the second divider, and adapted to generate a reference 
frequency signal in Which the oscillation frequency 
signal is divided, a comparison frequency signal that is 
compared With the reference frequency signal, and the 
selection signal used to select the division ratio of the 
second divider. 
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2. The frequency synthesiZer of claim 1, Wherein the 
division ratio controller comprises: 

a third divider adapted to receive and divide the output of 
the ?rst divider and to generate the reference frequency 
signal; 

an internal division ratio controller adapted to receive the 
output of the second divider and to generate a ?rst 1-bit 
selection signal used to generate the comparison fre 
quency signal and the selection signal; 

a sigma delta modulator adapted to receive a predeter 
mined value K that is externally controlled, and to 
generate a second 1-bit selection signal used to gener 
ate the selection signal, in response to the comparison 
frequency signal; and 

a synthesiZer adapted to synthesiZe the ?rst and second 
1-bit selection signals and to generate the selection 
signal. 

3. The frequency synthesiZer of claim 2, Wherein the 
internal division ratio controller comprises: 

a ?rst internal divider adapted to receive and divide the 
output signal of the second divider and to generate the 
comparison frequency signal; 

a second internal divider adapted to receive and divide the 
output signal of the second divider; and 

a modulus controller adapted to receive the comparison 
frequency signal and the output signal of the second 
internal divider, to output the ?rst 1-bit selection signal 
as a ?rst level When the ?rst and second internal 
dividers are simultaneously being counted, and to out 
put the ?rst 1-bit selection signal as a second level 
When only the ?rst internal divider is being counted. 

4. The frequency synthesiZer of claim 3, Wherein the third 
divider and the ?rst internal divider have a same division 
ratio. 

5. The frequency synthesiZer of claim 3, Wherein the ?rst 
and second internal dividers have the same counting period, 
and a counting operation time of the second internal divider 
is shorter than that of the ?rst internal divider. 

6. The frequency synthesiZer of claim 3, Wherein a ratio 
of a divisor of the second internal divider to a divisor of the 
?rst internal divider is greater than or equal to 0 and less than 
1. 

7. The frequency synthesiZer of claim 2, Wherein the 
second 1-bit selection signal has the ?rst or second level at 
irregular intervals. 

8. The frequency synthesiZer of claim 2, Wherein the siZe 
of an accumulator provided inside the sigma delta modulator 
is denoted by F, and the sum of a value K/F and a ratio of 
a divisor of the second divider to a divisor of the ?rst divider 
is greater than or equal to 0 and smaller than 1. 

9. The frequency synthesiZer of claim 1, Wherein the 
selection signal is a 2-bit signal Which selects various 
division ratios of the second divider. 

10. A frequency synthesiZer comprising: 

a ?rst divider adapted to receive and divide an oscillation 
frequency signal; 

a second divider adapted to receive a predetermined 
feedback frequency signal and to divide the feedback 
frequency signal at various division ratios in response 
to a selection signal; 
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a division ratio controller adapted to receive and divide an 
output signal of the ?rst divider and an output signal of 
the second divider and to generate a reference fre 
quency signal in Which the oscillation frequency signal 
is divided, a comparison frequency signal that is corn 
pared With the reference frequency signal, and a ?rst 
partial selection signal that is used to generate the 
selection signal used to select the division ratio of the 
second divider; and 

a sigrna delta rnodulator adapted to receive a predeter 
rnined value K that is externally controlled and to 
generate a second partial selection signal used to gen 
erate the selection signal, in response to the comparison 
frequency signal. 

11. The frequency synthesiZer of claim 10, Wherein the 
division ratio controller comprises: 

a third divider adapted to receive and divide the output of 
the ?rst divider and to generate the reference frequency 
signal; and 

an internal division ratio controller adapted to receive the 
output of the second divider and to generate the corn 
parison frequency signal and the ?rst partial selection 
signal used to generate the selection signal. 

12. The frequency synthesiZer of claim 11, Wherein the 
internal division ratio controller comprises: 

a ?rst internal divider adapted to receive and divide the 
output signal of the second divider and to generate the 
comparison frequency signal; 

a second internal divider adapted to receive and divide the 
output signal of the second divider; and 

a rnodulus controller adapted to receive the comparison 
frequency signal and the output signal of the second 
internal divider, to output the ?rst partial selection 
signal as a ?rst level When the ?rst and second internal 
dividers are simultaneously being counted, and to out 
put the ?rst partial selection signal as a second level 
When only the ?rst internal divider is counted. 

13. The frequency synthesiZer of claim 12, Wherein the 
?rst and second internal dividers have the same counting 
period, and a counting operation time of the second internal 
divider is shorter than that of the ?rst internal divider. 

14. The frequency synthesiZer of claim 12, Wherein a ratio 
of a divisor of the second internal divider to a divisor of the 
?rst internal divider is greater than or equal to 0 and less than 
1. 

15. The frequency synthesiZer of claim 12, Wherein the 
third divider and the ?rst internal divider have the same 
division ratio. 

16. The frequency synthesiZer of claim 10, Wherein the 
second partial selection signal has the ?rst or second level at 
irregular intervals. 

17. The frequency synthesiZer of claim 10, Wherein the 
selection signal is a 2-bit signal, each of the ?rst and second 
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partial selection signals is a 1-bit signal, the ?rst and second 
partial selection signals are added together, thus generating 
the selection signal. 

18. The frequency synthesiZer of claim 10, Wherein the 
sigma delta rnodulator includes an accumulator having a siZe 
denoted by “F,” and Wherein the sum of a value K/F and a 
ratio of a divisor of the second divider to a divisor of the ?rst 
divider is greater than or equal to 0 and smaller than 1. 

19. Arnethod for generating an output frequency signal of 
a desired range in a fractional-N frequency synthesiZer 
having a sigrna delta sirnulator, the method comprising: 

(a) dividing an oscillation frequency signal by R, dividing 
the R-divided oscillation frequency signal by D, and 
outputting a reference frequency signal; 

(b) receiving a feedback frequency signal and dividing the 
feedback frequency signal at various division ratios in 
response to a selection signal; 

(c) receiving and dividing the divided signal from (b), 
generating a comparison frequency signal that is corn 
pared With the reference frequency signal, and gener 
ating a ?rst 1-bit selection signal used to generate the 
selection signal; 

(d) receiving a value K that is externally controlled and 
generating a second 1-bit selection signal used to 
generate the selection signal, in response to the corn 
parison frequency signal; and 

(e) the selection signal generating from the ?rst and 
second 1-bit selection signals. 

20. The method of claim 19, Wherein (c) cornprises: 

(c1) dividing the divided signal from (b) by D and 
generating the comparison frequency signal; 

(c2) dividing the divided signal from (b) by C; and 

(c3) receiving the comparison frequency signal and an 
output signal from (c2) and generating the ?rst 1-bit 
selection signal as a ?rst or second level. 

21. The method of claim 20, Wherein in (c3), the corn 
parison frequency signal and the output signal in (c2) are 
received, the ?rst 1-bit selection signal is outputted as the 
?rst level When (c1) and (c2) are simultaneously being 
performed, and the ?rst 1-bit selection signal is outputted as 
the second level When only (c1) is being performed. 

22. The method of claim 20, Wherein a value C/D is 
greater than or equal to 0 and less than 1. 

23. The method of claim 19, Wherein the second 1-bit 
selection signal has the ?rst or second level at irregular 
intervals. 

24. The method of claim 19, Wherein the selection signal 
is a 2-bit signal Which selects the various division ratios of 

(b) 


